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ABSTRACT (100-200 WORDS): This study examined the effects of
Lumosity on the reading rate, word finding ability, and short-term memory of an
independent, 76-year-old, female post-stroke. Lumosity brain- training took place
for 4 weeks. The results indicated an increase in word finding ability as well as
rate of reading, however it is hard to say if Lumosity was the direct cause for the
increases due to the short time period in which the study took place. This study
suggests that Lumosity is a viable method of brain training for independent
individuals post-stroke. Findings of this study also point to the need for further
investigations, conducted over a longer time span, to maximize the possibility of
demonstrating clinically significant changes in cognitive skills.

TitleLumosity: Can an independent individual obtain positive results using the program poststroke?

Introduction/BackgroundMany individuals who experience a stroke need rehabilitation to retrain aspects of
their life such as gait, upper limb usage, and also their mind. Retraining cognitive
activities has become more easily accessible with the availability of online brain-training
activities (Connor & Standen, 2012).
The logic behind brain-training is related to the idea of brain plasticity. The brain
is like a muscle; therefore it is thought that if you “train your brain” it will become
stronger. Brain plasticity refers to the brain’s lifelong capacity for physical and functional
change; it is this experience that induces learning throughout life (Mahncke, 2006). In a
study done by Mahncke et al., a randomized, controlled study evaluated compliance and
progressions of the brain through training exercises in a group of 182 participants aged 60
years and over. All participants were randomly assigned to one of three groups, which
included experimental computer-based training, active computer-based control, and
NCC. Participants in all groups would receive their cognitive training over 8-10 weeks.
The training was mandated 5 days a week, 60 minutes per day. It was conducted in each
participant’s home without supervision. The results from this study concluded that nearly
all participants showed improvement in all of the tasks in which they were assessed (e.g.,
speed of processing, forward recognition memory span).

The Advanced Cognitive Training for Independent and Vital Elderly (ACTIVE)
study was a large trial testing the effects of different kinds of cognitive training (Ball, et
al., 2002). There were 2832 participants; all aged 65 to 94 years old. The participants
were older adults who, at enrollment, were living independently and in good functional
and cognitive status. The participants were randomly assigned to one of four groups, with
each group focusing on a different cognitive training category. The different groups were
as follows: memory (verbal episodic memory), reasoning (solving problems following a
serial pattern), speed of processing (visual search and identification), or no contact
(control group). All of the interventions were conducted in a small group setting ten 60to 75-minute over a 5- or 6-week period. Each cognitive training category had a different
kind of training. Memory tasks involved mnemonic strategies for memorizing word lists,
sequences of items, text material, and main ideas and details of stories. Reasoning
training focused on the ability to solve problems that follow a serial pattern. Speed-ofprocessing training focused on visual search skills and the ability to identify and locate
visual information quickly in a divided-attention format. Participants in all groups learned
to complete the tasks more proficiently. More impressively, the effects of the training
generalized to measures of real-world function (Hardy, et al., 2009). Overall this study
revealed that cognitive interventions helped normal elderly individuals to perform better
on multiple measures of the specific cognitive ability for which they were trained (Ball,
et al., 2002). A five-year follow-up of this study (Willis, et al., 2006) reported less
difficulty in the instrumental activities of daily living (IADL) in the trained groups than
the control group.

RationaleThere are a variety of programs available for brain training. Some examples of
online programs include MoreSpeech (Bungalow Software, 2015), LearningRx
(LearningRx Brain Training Programs, 2015), Rosetta Stone Fit Brains
(www.fitbrains.com). The brain can be trained by other activities such as word searches,
crossword puzzles, video games etc. The following criteria were used when deciding
which program to utilize for therapy. 1) a program that is challenging 2) a program that is
easy to learn 3) a program that is available to use on a PC computer. The participant is a
high functioning, independent adult that needs something to challenge her brain in order
to see results.
Lumosity (www.lumosity.com) is known as one of the most popular brain
training programs on the market currently (Hardy, et al., 2009). Lumosity’s program is
based on extensive research in the field of neuroplasticity (Lumosity, 2015). Lumosity
has created games based on the science behind neuroplasticity of the brain. These games
empower people to exercise their brain and accomplish their highest quality performance
(Hardy, et al., 2009).
A study using healthy young adults from a boarding school with no history of
speech or language disorders, found that Lumosity appeared to enhance learning and
general cognition (Kpolovie, 2012). The study used a six-group experimental design.
There were six randomized groups, four being experimental and two as control groups.
Two experimental groups were exposed to 30 minutes of Lumosity training and two

groups were exposed to 60 minutes of Lumosity training before learning specialized
material. The results indicated that those who received 60 minutes of Lumosity training
learned significantly better than the subjects in another group that received 30 minutes of
Lumosity training, who in turn learned better than the subjects in the control group who
received no training. These results sparked an interest to use Lumosity as a method of
therapy with our participant.
A study done by Connor at al., 2012, included 5 participants all that had
experienced a severe, right hemisphere stroke, ranging from ages 63 to 73 years old. The
study prescribed brain-training games that targeted the specific cognitive functions
disrupted by the individual’s acquired brain injury. The study recommended 40 sessions
of training as frequently as possible on Lumosity for 15-30 minutes each. The study
initially wanted to see if there would be any change in neuroplasticity, however needed to
change the focus of the study because the participants could not complete the 40 sessions
due to cognitive and physical limitations. The results indicated that this type of training is
too difficult for individuals that have experienced a severe stroke.
Since Lumosity is not a good therapy method for people that have severe
limitations from a stroke, but is indicated that it is a good therapy method for healthy
adults, this study will test to see if utilizing Lumosity will cause positive changes on an
independent individual post-stroke.
We hypothesized that brain-training would cause positive results for our
participant to progress in her areas of weakness. Our research questions were as follows:
•

Is Lumosity a viable therapy option for an independent individual poststroke?

•

Will treatment lead to subjective perceptions of cognitive improvement?

•

Will treatment measurably improve the individual’s word finding
abilities, rate of reading, and memory, as evaluated by (a) standardized
cognitive tests and (b) weekly probes?

MethodsParticipant
Mx is a 76-year-old female who was previously an accountant. At the time of
baseline probes she was 1 year and 11 months post onset of a stroke in the left, language
dominant, hemisphere of the brain. Mx, lives alone and is independent for all ADLs and
IADLs. Prior to her stroke she had no history of speech, language, or other neurological
disorders.
Mx received speech-language services for about 1 year post stroke in a variety of
settings (e.g. hospital, assisted living home, etc.). Post therapy, Mx experienced mild
difficulties with reading, memory, and word finding. She attended the Northern Illinois
University Stroke Support Group on a monthly basis from November 2013 to present.
The group sessions were lead by two speech-language pathologists. During group
sessions Mx had been encouraged to practice strategies such as brain training via online
methods, as well as participate in discussion on effects of her stroke and how it has
affected her in some ways. She has utilized the advice of the speech-language
pathologists at the Stroke Support Group and has played various brain-training games
such as Lexulous (Lexulous Crossword Game, 2015) on a regular basis.

Pre/post-treatment assessment
Beginning in February 2015, a pretreatment evaluation of Mx’s communication
disorders was completed (see table 1).
The Gray-Oral Reading Test (GORT-4, Bryant & Wiederholt, 2001) was
administered to assess Mx’s comprehension level and rate of reading. On the Gray Oral
Reading Test Mx’s comprehension was100%, however her output while reading the
passages was very slow and methodical with lack of prosody. While reading each
passages she frequently self-corrected, and always fixed it accurately. Since Mx reported
ceiling data while answering the questions about the passages, the data were excluded
from the table and we did not ask questions for the weekly probes or posttest.
The Rivermead Behavioural Memory Test (RBMT, Wilson, Cockburn, &
Baddeley, 1985) was administered to assess memory function for recall of short- and
longer- term information across both visual and verbal modalities.
To assess Mx’s word finding ability, the Boston Naming Test (BNT, Kaplan,
Goodglass, Weintraub, 2001) was administered. Mx could always recognize the object on
the card. Many times Mx needed the phonemic cue and a few times needed to be given
the multiple-choice option to get the word correct.
An attention questionnaire (Ponsford & Kinsella, 1991) was given to Mx to see
where she thought she needed help post stroke with attention tasks. This questionnaire
revealed that Mx has a hard time mostly with keeping her mind on an activity because
she feels like her mind becomes “spacy” or “blank”. She also indicated that she feels like
she can only concentrate for a short period of time on some days of the week and seems
to lack mental energy to do activities at times.

An interview questionnaire (Worrall, 1999) was given to Mx to see exactly how
independent she is while living alone. This questionnaire uncovered that she has help
with every day activities such as paying bills from her family but she is competent to read
and fill in forms, remember appointments, go out to social gatherings by herself. It was
also found that she is able to do things such as write a shopping list, ask for assistance,
write letters, etc.
Table 1Test

Pre- Treatment

Post-Treatment

(February 2015)

(April 2015)

Time (Seconds)
119

Time (Seconds)
111

Story 7

183

143

Story 8

283

180

Story 9

395

GORT-4
Story 6

291

Scaled Score
RBMT-3*
First&Second Names-Delayed recall

5

Scaled Score
7
13

Belongings-Delayed recall

13

Appointments- Delayed Recall

10

Picture Recognition-Delayed Recall

11

11

Story- Immediate Recall

9

9

Story- Delayed Recall

7

9

Face Recognition-Delayed Recall

13

10

Route- Immediate Recall

13

13

Route- Delayed Recall

13

13

Messages- Immediate Recall

7

11

Messages- Delayed Recall

9

7

Orientation & Date

10

8

9
9

9

Novel Task-Immediate Recall
Novel Task- Delayed Recall

10

9

BNT
Number of spontaneously given
correct responses
Number of Stimulus Cues given
Number of correct responses
following a stimulus cue

Summary of Scores

Summary of Scores

41

47

6

0

6

0

18

13

18

13

4

2

4

2

Number of phonemic cues
Number of correct responses
following the phonemic cue
Number of multiple choices given
Number of correct choices

Note. GORT = Gray Oral Reading Test --- Fourth Edition (Bryant & Wiederholt, 2001),
RBMT = Rivermead Behavioural Memory Test---Third Edition (Wilson et al., 2008),
BNT = Boston Naming Test (Kaplan, Goodglass, Weintraub, 2001)
*RBMT-3 M=10, SD=3

Experimental Probes
A baseline probe design was used to evaluate the effects of Lumosity on our
participant. Three probes were administered in one session to test memory, word finding,
and rate of reading. In order to obtain baseline data each probe was given 3 times to Mx.
Probe stimuli for memory included simple, black line drawings printed from the
Internet. The line drawings were of objects such as a fish, a chair, milk carton etc. Twelve
pictures were set out on a table and Mx had 20 seconds to memorize the pictures. After

20 seconds, the pictures were taken away and Mx was asked to recall as many photos she
was able to with unlimited time. Results from the baseline probes are indicated in Table
2.

Number of Pictures Remembered

Table 2-

Baseline TestingMemory Probe
12
10

8
6
4
2
0
0

1

2

3

Trial

For the reading portion, we used passages from Nonfiction Reading Practice,
grade 3 (Evan-Moor, 2003). The reading speed test used three separate passages (p.32
(194 words), p.80 (183words), p.104 (174 words). She was asked to read the short
passages aloud while being timed to see how long it would take to finish. The results
from the baseline probes are indicated in Table 3. The results are reported in seconds per
word, that is how many seconds (on average) it took Mx to say each word.

Table 3-

Baseline TestingReading Probe
Seconds Per Word

1.3
1.25
1.2
1.15
1.1
1.05
0

1

2

3

Trial

The last test, a verbal fluency probe, was for word finding purposes. It did not
require any materials. A letter was randomly chosen for each trial. Mx was then asked to
see how many words she could come up with during that time period. The letter was said
aloud as the time began so she was put on the spot to recall as many words as possible.
This probe demonstrated that this is an area of weakness for Mx. Results from this
baseline probe are indicated in Table 4.

Table 4-

Baseline Testing- Word
Finding Probe
10
8
6
4
2
0
0

1

2

3

1.4 Treatment
Each week Mx was asked to use Lumosity for at least 30 minutes a day for 5 days
a week. She used the program for 4 weeks long, for a total of 20 days in the month.
Games played from this program include activities to test Mx’s speed, memory, attention,
flexibility, and problem solving abilities. The games took her scores and calculated a
Lumosity Performance Index, which is a standardized scale calculated from all of the
game scores (lumosity.com). This helps compare her strengths and weaknesses across
games that challenge different cognitive abilities. The program then recommends games
to play that should help her in her areas of weakness.
Users of Lumosity are encouraged to create a profile that will track how they do
during the training period. This is a good indicator of progress while using the

application. In order to obtain maximum results from this program, users are suggested to
use this program regularly each week.
Each day Mx played the program it asked her how many hours she slept the night
before and her current mood. This helped her see her overall lifestyle patterns related to
how well she performed each day with the training tasks.
ResultsLet it be noted, during the month that Mx used Lumosity, she had a death in the
family so she had some days of grief that may have affected her results using the
program. Despite this, she was compliant with utilizing the program for 5 days a week
each week.
Pre-Treatment/ Post-Treatment
Pre-treatment and post-treatment results were very similar for the RBMT-3. Her
results were varied and went up in some areas, yet went down in some areas. The GORT4 indicated that Mx significantly increased her rate of reading from pre-test to post test.
The BNT demonstrated that Mx’s word finding ability had increased from pre-test to post
–test.
Baseline probes
During baseline testing Mx did very well during the memory activity. She nearly
remembered all of the cards each trial. Following the baseline session, weekly probes
were administered and her performance was inconsistent. She did very well during the
first and the third session, however the second session as well as the last session she did
not even reach 50% correct. The variability in Mx’s performance may have been

associated with the death in her family. Her performance from these weekly probes is
shown in table 5.

Table 5-

Number of Pictures remembered

Memory Probe
10
8
6

4
2
0

1

2

3

4

Session Number

Mx’s scores from the word finding probe increased as the weeks progressed.
During the weekly probes, she seemed to be stressed out while performing this task. She
would get very nervous before the task because she would think she would not perform
well. She was prompted at the beginning that she could say any word that came to mind
that began with the specific letter. She became more confident as the weeks went on. Her
improvement is shown in table 6.

Table 6-

Word Finding Probe

Number of Words

19

15

11

8

4

0
1

2

3

4

Session Number

The weekly reading probe was the task that Mx seemed to gain the most
improvement. She started off the first week reading the passage from Nonfiction Reading
Practice, grade 3 (Evan-Moor, 2003) titled “For the Friends, pg.104”. This passage took
her, on average, 1.01 seconds per word. The second session she read the passage “Furry
Friends, pg. 80”. This passage took her, on average, 1.03 seconds per word. The last two
sessions Mx read the passage “Tea and Taxes, pg.32”. Both sessions it took her, on
average, 0.85 seconds per word. Her progression is indicated in Table 7. The results are
reported in seconds per word, that is how many seconds (on average) it took Mx to say
each word.

Table 7-

Reading Probe
Second Per Word

1.2

1
0.8
0.6
0.4
0.2
0
1

2
3
Session Number

4

Lumosity
Mx’s performance on Lumosity increased as the weeks progressed. When she first
began doing the various activities on the program she had a hard time with many of them
due to her right hand having a decreased rate of movement from her stroke. She adapted
and began doing them to the best of her ability. Mx’s brain profile stated that she
outranked 40% of people that use Lumosity in memory tasks by the end of her training.
According to Mx’s brain profile on Lumosity (www.lumosity.com), her strongest
performance was during the game Ebb and Flow. This activity challenged Task
Switching, which is the process of adapting to changing circumstances, switching from
one goal to another (www.lumosity.com).

Let it be noted, that once Mx’s monthly subscription ended, the full access brain
profile could no longer be viewed. The only information able to be taken from her
Lumosity profile was the few facts stated above.
DiscussionThe results of this study add to the existing research of the efficacy of an
individual using Lumosity post-stroke. This study specifically focused on an individual
that is independent. Following a month of using Lumosity our participant demonstrated
an increase in her word finding ability as well as rate of reading. These positive findings
resonate with the hypotheses we had regarding her gaining improvement on word finding
tasks as well as increasing the rate of her reading.
The reading task is the area in which Mx seemed to improve the most. Following
the pre-treatment assessment and baseline testing, as the weeks went on, it was noticeable
that Mx’s prosody was becoming smoother. She seemed to act more confident while
reading as the weeks progressed as well. The word finding task is also an area in which
Mx’s results increased during the short period using Lumosity. Although she did exhibit
these changes in her rate of reading and word finding ability, we are unable to determine
if these changes were directly related to Lumosity. Mx did not seem to have any increase
with memory tasks; therefore the hypothesis that memory would increase is a
shortcoming of this study.

Subjective Outcomes: Mx is an individual that is motivated to gain improvement in every
aspect of her life that she possibly can, currently focusing on regaining her reading
abilities. Her drive during the work of Lumosity was outstanding especially because she

continued the therapy after having a difficult experience during the month working with
the program. Mx had a positive perspective on the program and stated it was very
interesting. She said, if given the opportunity she would continue using the program.
However, she was unsure if she had any cognitive gain from the program specifically
because of the time limitation working with it. She thinks if she had more time to use to
program she would have seen more results. Her one complaint about Lumosity was that
some of the rules were not explained well enough for certain games [she could not
remember which games specifically]. There were some games she said she would skip
because she did not understand how to play them. She said she would get frustrated
sometimes with the games mostly because her physical limitation with her right hand
made the games hard to play. She stated that the games were easy for her cognitively for
the most part, however her hand could not move fast enough to do well. She did not think
she did the best she could on some of the games following the death of her sister because
she felt like she was distracted.

Conclusion
The training involved brain-training games that we had hypothesized would
improve our participant’s word finding abilities, overall memory, and rate of reading. The
participant’s rate of reading as well as word finding ability seemed to increase. Therefore,
this suggests that Lumosity may serve to have positive effects in these areas of cognition.
If our participant had a longer time period to use to the program, I think the results would
be more justifiable and we would have a better idea if Lumosity was the cause of her
increase in these areas. For future research, I would suggest having a longer span of time

to use the program. Another suggestion is to do a controlled, single- subject design in
which a multiple-baseline format is utilized following establishment of stable baselines.
I would recommend for others to use Lumosity for research due to the activities
being very engaging for the individual using the program. Our participant enjoyed using
Lumosity and said she would recommend it to others as well. With this being said, the
program is a viable program for independent individuals to use post-stroke. The program
is a reasonable cost and has many options and areas to work your brain. I would
recommend further investigations be pursued with a longer time span.
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